Irritable bowel syndrome (IBS) represents one of the most common reasons for primary care visits and consultation with a gastroenterologist. It is characterized by abdominal discomfort, bloating and disturbed defecation in the absence of any identifiable physical, radiologic or laboratory abnormalities indicative of organic gastrointestinal disease. IBS is a costly disorder, responsible for significant direct and indirect costs to patients and society. Much of the cost attributed to IBS arises from the time and resources used to establish the diagnosis. Historically IBS has been viewed by many as a diagnosis of exclusion rather than as a primary diagnosis, and many patients with typical symptoms will undergo an extensive array of diagnostic tests and procedures prior to the eventual diagnosis of IBS.
Recent reviews addressing the management of such patients have cast doubt on the necessity for this degree of testing. Current best evidence does not support the routine use of blood tests, stool studies, breath tests, abdominal imaging or lower endoscopy in order to exclude organic gastrointestinal disease in patients with typical IBS symptoms without alarm features. Serological testing for celiac sprue in this population may eventually prove useful but validation of studies indicating an increased prevalence of this disease in patients with suspected IBS is needed.
The development and refinement of symptom-based criteria defining the clinical syndrome of IBS has greatly facilitated the diagnosis of this condition, which can be confidently diagnosed through the identification of typical symptoms, normal physical examination and the exclusion of alarm features. The presence of alarm features or persistent non-response to symptom-directed therapies should prompt a more detailed diagnostic evaluation dictated by the patient's predominant symptoms.
INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic gastrointestinal condition characterized by abdominal discomfort, bloating and disturbed defecation. It is considered one of a group of functional gastrointestinal disorders in which a variety of factors including altered motility, abnormal visceral sensation and psychosocial factors interplay to cause symptoms. By definition, IBS is characterized by the absence of any identifiable physical, radiologic or laboratory abnormalities indicative of organic disease. IBS is a common condition, with prevalence estimates ranging between 7 and 24% in women and between 5 and 19% in men in the United States and Britain. [1] [2] [3] The symptoms of IBS represent one of the most common reasons for primary care visits, and consultation with a gastroenterologist accounting for 2.4-3.5 million physician visits per year. 1, 4 Patients with IBS visit their physicians more frequently than those without IBS for both GI-related and non-GI-related problems, reflecting the increased likelihood of a variety of other conditions such as migraine headache, fibromyalgia and chronic pelvic pain. 5, 6 Based upon these observations, it should come as no surprise that the annual economic consequences of IBS in the United States are substantial. It has been estimated that IBS accounts for $1.7-10 billion in annual direct medical costs in the USA. 7, 8 Perhaps more importantly, an additional $10-20 billion in indirect costs, largely resulting from work absenteeism and decreased productivity, has been attributed to IBS. 8, 9 These estimates do not include prescription or over the counter-medications for IBS, so it is likely that a substantial portion of these costs may be attributed to the diagnostic testing that is frequently conducted as part of the evaluation of patients with suspected IBS. This paper will examine the current recommendations for the diagnostic evaluation of patients with suspected IBS and will critically review the evidence regarding the yield of various diagnostic tests and procedures that are routinely performed in this group of patients in order to exclude organic disease.
EVIDENCE-BASED MEDICINE APPROACH TO DIAGNOSIS
When deciding upon the necessity of a diagnostic test, two issues deserve particular attention. First, the clinician should consider the pretest probability of the disease in question, a determination that is based upon the prevalence of that disease in patients with specific symptoms. If the pretest probability of a disease is sufficiently small, then diagnostic testing aimed at uncovering that disease is unlikely to be either clinically useful or cost-effective. Second, clinicians should consider the performance characteristics (e.g., sensitivity, specificity, positive and negative predictive values) of the diagnostic test being considered if the pretest probability of a disease is sufficiently high to warrant investigation. The performance of a diagnostic test should shift the clinician's estimate of pretest probability of a disease up or down so that he or she may be reasonably assured that the disease being considered is either present or absent. In the case of IBS, diagnostic tests are performed in order to exclude organic diseases that may present with similar symptoms and in doing so, reassure the clinician and the patient that the diagnosis of IBS is correct. Historically, inflammatory bowel disease (IBD), colorectal cancer, systemic hormonal disturbances, enteric infections and malabsorptive diseases are of the greatest concern to the clinician faced with a patient with symptoms suggestive of IBS, and diagnostic studies designed to identify these conditions are the most commonly performed tests in patients with suspected IBS. Prevalence rates (pretest probability) for these organic gastrointestinal diseases, based on a recent systematic review of diagnostic testing in patients with suspected IBS, are presented in Table 1 along with prevalence rates of non-IBS controls. 10 Though the data are limited, the prevalence of organic gastrointestinal diseases does not appear to be significantly different between patients with IBS symptoms and the normal population rates. This observation might be used by some to conclude that no diagnostic testing in patients with IBS is warranted. However, it is important to realize that these values are subject to regional and demographic variations, are based on studies with variable methodologic qualities, and are restricted to patients with IBS symptoms that are not accompanied by alarm features. Much of this paper will address these issues surrounding the diagnosis of IBS.
There are additional considerations that should be used when evaluating trials involving the performance of diagnostic tests. For details, the reader is referred to the recently published STARD initiative, which provides recommendations regarding an appropriately designed and analysed study evaluating diagnostic accuracy.
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The STARD initiative is designed to help editors, reviewers and readers establish the 'evidence-base' for studies about diagnosis. By adhering to specific methodologic criteria, methodologically sound studies of diagnosis should produce results that are more accurate, precise and useful to clinicians. For example, studies about the diagnostic accuracy of a test should include a Patients in studies about diagnostic tests should meet prespecified inclusion and exclusion criteria and, for studies regarding the diagnosis of IBS, should fulfil the symptom-based criteria for IBS based on the Rome criteria. Investigators should be blinded to the results of the testing being performed and testing should be applied to all patients enrolled in the trial. Lastly, it is important to consider whether or not the patients enrolled in a clinical trial are similar to patients seen in routine clinical practice. This is especially important with studies of IBS because the majority of available trials regarding the diagnosis of IBS originate from tertiary care sites and such patients may not be representative of the entire spectrum of IBS patients.
DIAGNOSIS OF IBS

Symptom-based criteria
The differential diagnosis in patients with symptoms suggestive of IBS is broad and there is no reliable biological marker for the condition. As such, IBS has historically been viewed by many as a diagnosis of exclusion rather than as a primary diagnosis. In an attempt to simplify and standardize the diagnostic process for IBS, multiple symptom-based criteria (Table 2 ) have been developed, including the Manning, Rome I and Rome II criteria. [14] [15] [16] Among the commonly used symptom-based criteria, the Manning criteria have been the most extensively evaluated. The positive predictive value (PPV) of the Manning criteria for the diagnosis of IBS has ranged between 65 and 75%, depending upon the number of symptoms present and the number of symptoms included for the analysis. 14 In an attempt to build upon the strengths, while limiting the weaknesses of the Manning criteria, the Rome I criteria were developed. The Rome I criteria, created through expert consensus and a careful review of the available evidence, have been less extensively studied than the Manning criteria.
In one trial that evaluated the diagnostic accuracy of the Rome I criteria, the sensitivity was 65%, specificity 100% and PPV 98% in distinguishing between IBS and organic disease. 17 The subsequent Rome II criteria have not been formally validated, but have been compared with the Manning and Rome I criteria in a number of studies. These studies have reported reasonably good agreement between the different criteria with kappa values of about 0.70. [18] [19] [20] It is important to note that both the Rome I and Rome II criteria were developed in order to provide a uniform framework for the selection of patients in diagnostic and therapeutic trials of IBS. In recent years, however, the extension of the Rome criteria to routine clinical practice has been encouraged. 21, 22 The Rome II criteria for IBS include at least 12 weeks (which need not be consecutive), in the preceding 12 months, of abdominal discomfort or pain that is accompanied by at least two of the following three symptoms: the abdominal discomfort or pain is (a) relieved with defecation, (b) associated with a change in the frequency of defecation, and/or (c) associated with a change in the form or appearance of the stool. 16 The Rome II criteria have the advantage of being easier to recall and use than the older Manning or Rome I criteria. However, recent evidence suggests that the Rome II criteria may be more restrictive than the Rome I criteria. A recent study used telephone interview data from a large, community-based sample of American women assessed the sensitivity of the Rome I and Rome II criteria. 2 When the criteria were applied to over 1000 women diagnosed with IBS by their physician, Rome II was significantly less sensitive than Rome I (49% vs. 83%, P < 0.001). This difference in sensitivity between the two sets of criteria was largely due to the more restrictive temporal pain requirement of Rome II. There was 47% agreement between Rome I and Rome II (Kappa ¼ 0.296). This study illustrates how important seemingly small changes in the wording of symptom-based criteria can be. 23, 24 to rule out lactose malabsorption and thyroid dysfunction, respectively. The degree to which these additional tests add to the diagnostic certainty of IBS beyond that obtained through application of the symptom-based criteria for IBS is unknown. Recent reviews addressing the management of patients with suspected IBS have cast doubt on the need for extensive routine diagnostic testing in such patients.
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Blood tests
Several reports 25, 26 have examined the use of blood tests such as CBC, serum chemistries and thyroid function tests as part of the diagnostic evaluation of suspected IBS. In the trial by Tolliver et al., 25 CBC and serum chemistries were performed in 196 patients with suspected IBS. In this trial, the results of such tests failed to result in an alternative diagnosis of organic GI disease in any patient. Serum chemistries were abnormal in two patients (1.0%) with both subjects having abnormal liver-associated enzymes. Sanders et al. 26 evaluated the use of CBC and serum chemistries in patients who fulfilled the Rome II criteria for IBS. Through these routine blood tests, they identified 6/300 patients (2.0%) with organic GI diseases. One patient was anaemic and later found to have celiac disease and two patients had abnormal liver-associated enzymes that were attributed to excess alcohol intake. Cessation or limitation of alcohol intake resulted in resolution of these laboratory abnormalities, but the effect of this intervention on IBS-like gastrointestinal symptoms was not reported. Two patients had elevated C-reactive protein levels and one had an elevated ESR. All three patients were subsequently diagnosed with IBD. Two studies have evaluated the role of measuring thyroid-stimulating hormone (TSH) levels as part of the diagnostic evaluation of patients with suspected IBS. Hamm et al. 27 performed TSH in more than 1200 patients fulfilling the Rome I criteria and identified 67 patients (6%) with thyroid function abnormalities. These abnormalities were evenly distributed between hyper-and hypothyroidism. It is unclear whether the thyroid abnormalities identified were responsible for the patients' IBS symptoms since symptom response was not reported following correction of the thyroid dysfunction. Tolliver et al. 25 identified 1/171 (0.6%) patients with suspected IBS who had an abnormal TSH. The nature of the thyroid dysfunction was not reported, nor was the impact of therapy for the thyroid abnormality upon gastrointestinal symptoms. These data must be considered carefully, however, because thyroid function test abnormalities are common in the general population with an expected prevalence of 5-9%. 28 Information on the yield of serological screening for celiac sprue in patients with suspected IBS has recently become available. Sanders et al. performed antigliadin antibody (IgA and IgG) and endomysial antibody (EMA) testing in 300 patients with suspected IBS and in 300 age-and gender-matched asymptomatic controls in order to examine the prevalence of celiac disease in patients with IBS symptoms. Positive antibody tests were followed by upper endoscopy and distal duodenal biopsies. Sixty-six patients (22%) with suspected IBS had positive antibody tests and 14 (4.67%) had histologic evidence of celiac disease compared with two (0.67%) controls. Further evidence has heightened awareness regarding the potential role of celiac disease in patients with suspected IBS. A large US study by Fasano et al. 29 recently reported a prevalence of celiac disease of 1/133. Prevalence rates were even higher for those with gastrointestinal symptoms (1/56) and in those with a first-degree relative with celiac disease (1/22). In another recent study from Ireland, 30/150 (20%) biopsy proven patients with celiac disease while only 8/162 (5%) controls fulfilled the Rome II criteria for IBS. 30 The effect of a gluten-free diet upon the gastrointestinal symptoms of patients diagnosed with celiac disease was not reported in these studies and so it remains to be proven whether or not celiac sprue was the true cause of IBS symptoms in these patients.
Conclusions from these data must be determined cautiously. Much of the data regarding the yield of blood tests in IBS patients come from tertiary care centres and clinical trials evaluating the efficacy of drug therapies. Such data may not be generalizable to the types of patients encountered in the primary or secondary care setting. On a purely pragmatic level, many patients with IBS symptoms have waited for extended periods for subspecialty evaluation and may expect some degree of testing to be performed. The degree to which patient expectations of testing and physician's insecurity about a purely symptom-based diagnosis affect the acceptance of the diagnosis of IBS and the response to therapy requires clarification. The key point to operationalizing the above data is to recognize that the application of a routine battery of blood tests in these patients is likely unnecessary.
If blood tests are deemed necessary, their selection should be individualized based upon the specific symptoms present, their severity and the patient's concerns. Summary of the use of blood tests for the diagnosis of IBS: Current best evidence does not support the routine use of blood tests to exclude organic gastrointestinal disease in patients who present with typical IBS symptoms without alarm features. Serological testing for celiac sprue may prove useful but validation of previous work indicating an increased prevalence in patients with suspected IBS is needed before such testing can be routinely recommended.
Stool tests
The study by Tolliver et al. 25 patients with suspected IBS and found no subjects with evidence of enteric infection. Summary of the use of stool tests for the diagnosis of IBS: Current best evidence does not support the routine use of stool tests to exclude organic gastrointestinal disease in patients who present with typical IBS symptoms without alarm features. Selected application of stool testing for O&P and/or Giardia lamblia antigen should be considered in patients at greater risk for such infections (residing in or recent travel to areas where such infections are endemic, immunocompromised individuals).
Hydrogen breath testing
The prevalence of lactose malabsorption (typically diagnosed via abnormal hydrogen breath testing) is estimated to be approximately 25% in western countries and perhaps as high as 75% worldwide. 31, 32 Several trials have reported the results of hydrogen breath testing for lactose malabsorption in patients with suspected IBS. 25, 27, 33 One trial found that 23%
(256/1122) of patients with suspected IBS, when administered an oral 25-g lactose dose, demonstrated impaired lactose absorption. 27 Response to a lactosefree diet was not reported, so it is impossible to determine how many of these subjects actually had gastrointestinal symptoms due to lactose malabsorption. In another study, 186 patients with suspected IBS were evaluated with hydrogen breath testing (50-g dose of lactose). 25 While intriguing, a number of methodological limitations of the study by Pimental et al., including potential selection bias, the absence of a gold standard for the diagnosis of SIBO, the use of an unusual antibiotic to treat SIBO, short study duration and incomplete follow-up data for the majority of enrolled patients, limits the conclusions that can be drawn regarding the role of SIBO in patients with suspected IBS. The same group of investigators subsequently reported the results of a double-blind randomized placebocontrolled trial evaluating the effects of therapy for SIBO upon IBS symptoms. 37 The prevalence of SIBO in patients with IBS in this study was 84%, similar to the 78% rate observed in the previous trial, and significantly greater than the 20% prevalence rate observed in healthy controls. Seven days after completion of neomycin or placebo, patients returned for symptom assessment and lactulose breath testing. IBS patients who were successfully treated for their SIBO based upon normalization of breath test results reported significantly greater improvement in IBS symptoms than patients with a persistently abnormal breath test result. There are no data evaluating the long-term effects and durability of antibiotic therapy in patients with IBS and SIBO. Further studies to address this highly controversial area are eagerly awaited. Summary of the use of breath tests for the diagnosis of IBS: Current best evidence does not support the routine use of breath tests for lactose intolerance or SIBO to exclude organic gastrointestinal disease in patients who present with typical IBS symptoms without alarm features.
Abdominal imaging
Francis et al. 38 evaluated the role of abdominal ultrasound to identify serious abdominal or pelvic pathology in 125 patients (100 women, 25 men) with suspected IBS by the Rome I criteria. Twenty percent of women and 8% of men had some abnormality identified by abdominal ultrasound examination. Ten percent of women had pelvic abnormalities, the majority of which were gynaecological in origin. The prevalence of hepatobiliary abnormalities was similar in both women and men (10 and 8%, respectively). Importantly, the identification of an anatomic abnormality on ultrasound did not lead to additional therapeutic measures in any patient. Further, in no cases were the authors able to correlate the abnormalities identified on ultrasound to the patients' gastrointestinal symptoms. These investigators concluded that abdominal ultrasound in patients with the 'positive diagnosis of IBS' via symptom-based criteria was not necessary and may actually be counterproductive since the identification of trivial anatomic abnormalities could conceivably lead to unnecessary patient concern and additional, more invasive tests or procedures. Summary of the use of abdominal imaging tests for the diagnosis of IBS: Current best evidence does not support the routine use of abdominal imaging to exclude organic gastrointestinal disease in patients who present with typical IBS symptoms without alarm features.
Colonic imaging
In a small nested case-control cohort study, Lanng et al. 39 performed barium enema and measured colonic transit time with radiopaque markers and plain abdominal films and found no difference in the prevalence of organic disease in patients with suspected IBS and asymptomatic controls. Four studies have formally evaluated the yield of endoscopic investigations in patients with suspected IBS. Hamm et al. 27 examined the yield of flexible sigmoidoscopy and colonoscopy in suspected IBS patients fulfilling the Rome I criteria. It is not clear from this report how many subjects underwent each individual examination. Among 306 patients studied, four (1.3%) were given alternative diagnoses (three IBD, with flexible sigmoidoscopy, barium enema or colonoscopy in 125 patients who fulfilled the Rome I criteria for IBS. Except for diverticular disease that was judged to be incidental, no organic gastrointestinal disorders were identified through the performance of these tests and no patients were given alternative diagnoses to explain their gastrointestinal symptoms as a result of these examinations. Summary of the use of colonic imaging tests for the diagnosis of IBS: Current best evidence does not support the routine use of colonic imaging to exclude organic gastrointestinal disease in patients who present with typical IBS symptoms without alarm features. Patients older than age 50 should undergo structural evaluation of the colon for the purposes of colon cancer screening.
WHEN SHOULD DIAGNOSTIC TESTING BE CONSIDERED?
The American College of Gastroenterology (ACG) Functional Gastrointestinal Disorders Task Force recently published clinical practice guidelines on the approach to the management of IBS in North America. 21 Based upon the results of a recent systematic review, the task force opined that the routine performance of diagnostic tests in patients with suspected IBS without alarm features is not supported by the available literature. That is not to say that diagnostic testing never uncovers abnormal results in patients who fulfil symptom-based criteria for IBS. In fact, abnormalities are infrequently identified, but the likelihood of finding such abnormalities is not different in patients with suspected IBS when compared with non-IBS controls. The one possible exception to this statement relates to celiac disease, which in preliminary studies appears to be more prevalent in patients with suspected IBS than in non-IBS controls. The task force concluded that the current level of evidence merited a Grade C recommendation. Grade C recommendations derive from nonrandomized trials with contemporaneous controls and nonrandomized trials with historical controls. The presence of alarm features indicates a greater pretest probability of organic disease and should not be ignored. It is, in these patients, appropriate to pursue a more aggressive diagnostic evaluation in order to exclude important organic diseases. Generally accepted 'alarm features' include new onset of symptoms in patients older than age 50, unexplained weight loss, gastrointestinal bleeding, progressive or unrelenting pain, nocturnal or large volume diarrhoea, and a family history of colon cancer, IBD or celiac sprue. Additionally, the task force recommended that any patient more than 50 years of age with IBS symptoms should undergo colonic imaging. The recommendation for colonic imaging in subjects over the age of 50 is largely predicated upon data addressing the prevalence of colon cancer. IBS symptoms in the absence of warning signs have been associated with a low likelihood of colon cancer. The average age in the studies of colonic imaging reviewed in the systematic review by Cash et al. 10 ranged from 39 to 45 years and the prevalence of colorectal cancer in these studies was low, ranging from 0 to 0.51%. Thus, until comparative data between IBS patients and properly gender-and age-matched controls becomes available, current recommendations for pro forma colonic imaging (for the purpose of colorectal cancer screening) in patients over the age of 50 is reasonable. Such an approach in younger patients who fulfil IBS 43 reported similar results in their study of the natural history of UK patients diagnosed with IBS by the Manning criteria followed for a period of 5 years.
Vanner et al. 17 examined the relationship between the Rome criteria and the presence or absence of red flags or alarm features. They performed both retrospective and prospective analyses of patients diagnosed with IBS by the Rome I criteria over a several-year period. The investigators demonstrated that the absence of alarm features in patients who fulfilled the Rome criteria was associated with a durable diagnosis of IBS. In the retrospective arm of this trial, the sensitivity of the Rome criteria combined with the absence of alarm features was 65%, the specificity was 100%, and the PPV was 100% with a negative predictive value of 76%. In the prospective arm of the trial, the PPV of the Rome criteria without alarm features was 98%.
In patients with symptoms consistent with IBS who have alarm features, the nature and severity of a patient's symptoms will influence the choice of diagnostic testing. Most patients will undergo routine blood and stool tests depending upon their predominant symptoms. With regard to colonic imaging, it is attractive to suggest that patients with diarrhoea- Figure 1 . Evidence-based approach to the diagnosis of irritable bowel syndrome (IBS).
predominant symptoms undergo colonoscopy with inspection of the distal terminal ileum to exclude IBD or colon cancer. However, it is important to note that there is insufficient evidence to conclude that flexible sigmoidoscopy is not sufficient to exclude important organic disease in this population. 44, 45 The necessity of colonic mucosal biopsies in patients with diarrhoea-predominant symptoms also remains controversial. If a patient has clinical features suggestive of a secretory process, such as nocturnal diarrhoea, large volume diarrhoea that is unaffected by fasting or a small faecal osmotic gap (<50 Osm/kg), random colonic biopsies should be performed to exclude microscopic colitis. 45 If laboratory and stool testing suggest the presence of malabsorption, upper endoscopy with small bowel biopsies may be warranted to exclude the presence of diseases such as celiac sprue.
In patients with constipation-predominant symptoms, the major objective of colonic imaging is to exclude the presence of mechanical obstruction. Colonoscopy can certainly be used for this purpose. Alternatively, particularly in younger patients where the fear of missing small lesions such as polyps is less of a concern, air contrast barium enema can effectively exclude obstructing lesions of the colon and identify colonic dilatation suggestive of pseudo-obstruction/ megacolon.
CONCLUSIONS
The development and refinement of symptom-based criteria to define the clinical syndrome of IBS has greatly facilitated the diagnosis of this common condition. IBS can be confidently diagnosed by identifying typical symptoms, performing a complete physical examination and excluding alarm features. The presence of alarm features should prompt a more detailed diagnostic evaluation directed by the patient's predominant symptoms. Current evidence does not support the performance of exhaustive testing to exclude organic diseases in patients fulfilling symptom-based IBS criteria without alarm features. Preliminary evidence suggests that celiac disease may be more prevalent in patients with suspected IBS, though these findings need to be validated in additional appropriately designed trials before routine screening for celiac disease in IBS patients can be recommended. Patients 50 years of age or greater with IBS symptoms should undergo colonoscopy (or other acceptable regimen) for age appropriate colorectal cancer screening.
If alarm features are not present and the patient fulfils symptom-based criteria, a confident diagnosis of IBS should be made and symptom-directed therapy should be initiated (Figure 1) . A crucial aspect of this approach is adequate and timely follow-up. If, after appropriate therapeutic interventions, the patient reports no significant improvement, a more extensive diagnostic evaluation may be indicated. With appropriate follow-up, a clinically significant delay in the diagnosis of important organic disease is very unlikely, as demonstrated by multiple longitudinal studies that have demonstrated the durability of the diagnosis of IBS.
